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(£) Process for forming a pattern film. 



© A process for forming a pattern film (8) on a 
substrate (1.2) comprising maintaining a vapour (7) 
of an organic compound in contact with the substrate 
(1) and irradiating a specific portion (31) of the 
substrate (1.2) with a beam (5) so as to cause the 
0> organic compound to form a pattern film (8) on the 
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specific portion (31) characterised in that the beam 
(5) is a focussed ion beam. 
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PROCESS FOR FORMING A PATTERN FILM 



This invention relates to a process for forming 
a pattern film such as may be required, for exam- 
ple, in correcting a photomask during the fabrica- 
tion of a semiconductor device. 

Masks and reticules for use in the manufacture 
of semi-conductors are made by etching patterns 
through exposure to light. The process presents 
problems because of defects the patterns tend to 
develop. These defects are classified into two 
groups, unwanted pattern portions left unremoved 
which are called black-spot defects and portions 
needed but unintentionally etched away, called 
white-spot defects. 

In JP-A-53-1 35276 there is disclosed a process 
for forming a pattern film on a substrate comprising 
maintaining a vapour of an organic compound in 
contact with the substrate and irradiating a specific 
portion of the substrate with a beam so as to cause 
the organic compound to form a pattern film on the 
specific portion. This enables white-spot defects to 
be repaired. 

However, the beam disclosed in JP-A-53- 
135276 is an electron beam. As a result, there is 
considerable electron scattering which makes it 
difficult to achieve a precise and economical repair. 
Moreover, the use of an electron beam results in a 
pattern film which is weakly bonded to the sub- 
strate. 

According, therefore, to the present invention, 
there is provided a process for forming a pattern 
film on a substrate, comprising maintaining a vap- 
our of an organic compound in contact with the 
substrate and irradiating a specific portion of the 
substrate with a beam so as to cause the organic 
compound to form a pattern film on the specific 
portion characterised in that the beam is a fo- 
cussed ion beam. 

Since the mass of an ion is considerable by 
comparison with an electron, the use of a focussed 
ion beam avoids the scattering problem referred to 
above and produces a pattern film which is strong- 
ly bonded to the substrate. 

Preferably, the vapour is brought into contact 
with the substrate by directing a vapour stream of 
the organic compound at the specific portion. Thus 
the vapour stream may be passed through a nozzle 
so that only a minor portion of the substrate re- 
ceives vapour directly from the nozzle. 

Preferably, the specific portion of the substrate 
is constituted by a defective portion of a pattern on 
a support member, the formation of the pattern film 
on the defective portion constituting a repair there- 
of. 

The kinds of organic compounds thus far pro- 
posed have includes vacuum pump oils, organo- 



metallic compounds such as trimethylaluminium, 
and bisbenzene complexes such as [Cr(C6H 6 )2] 
When vacuum pump oil is used in remedying 
white-spot defects, its low vapour pressure at or- 
s dinary temperature (300* K), i.e. below 10~ 6 Torr, 
makes the supply of the oil constituent molecules 
for film forming by polymerisation or carbonisation 
insufficient. Consequently, the rate of film build-up 
to a desired thickness is low. If the vacuum pump 

70 oil were to be heated to raise its vapour pressure 
for a faster increase in film thickness, it would 
condense on the sample surface. The condensate 
would then give incompletely polymerised or car- 
bonised portions along the boundaries between ion 

75 beam irradiated and non-irradiated areas, bringing 
difficulties in film formation and other unfavourable 
effects. The use of organo-metallic compounds and 
bisbenzene complexes also has drawbacks. When 
the vapour pressure in the vicinity of the sample is 

20 low, the build-up of the film progresses slowly and 
an attempt to raise the pressure for adequately fast 
film build-up will invite difficulties such as scatter- 
ing of the ion beam out of focus, added load on the 
vapour discharge system, and adverse effects 

25 upon the ion source. Also, the organic compounds 
containing metallic atoms are often so toxic or 
unstable that they pose handling problems. 

The pattern flm may be of less than one mi- 
cron thickness and the organic compound used 

30 may have good stability and extremely low toxicity. 

Preferably, said organic compound has a vap- 
our pressure at 300 *K between 1 x 10"* and 5 x 
10~ 3 Torr. 

The said organic compound may be a tri- or 

as tetracyclic aromatic compound. Preferably said or- 
ganic compound has a molecular weight between 
200 and 400. 

The said organic compound may consist main- 
ly of a hydrocarbon compound and may be free 

40 from any metal atom. The said organic compound 
may be phenanthrene, pyrene. methylphenanth- 
rene, fluorahthene. anthrone or triphenylmethane. 

The number of organic compound molecules 
reacted by irradiation with one ion must be be- 

45 tween 2 and 7. Average current density of irradia- 
tion with an ion beam is between 1 x 10" 3 and 1 x 
10~ 5 A/cm 2 . Thus it is necessary that the organic 
compound molecules to be polymerised or car- 
bonised are supplied to a support plate at a rate 

so - .between 1 x 10' 3 and 1 x 10 16 atoms/cm 2 sec. If 
the organic compound molecules are supplied at a 
rate of 1 x 10 13 atoms/cm 2 sec or below, there is 
too great a volume of irradiation by the low beam. 
The rate of pattern film build-up to the desired 
thickness is low . because of the spattering effect. 
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Thus the pattern film is not formed on the support 
plate which is spatter etched. On the other hand, if 
the organic compound molecules are supplied at a 
rate of 10 1G atoms/cm 2 sec or above, the adherence 
of the pattern film on the support plate and its light 
shielding property are insufficient 

The invention is illustrated, merely by way of 
example, in the accompanying drawings, in which:- 
Figure 1 is a plan view of part of a 
photomask having white-spot defects; 

Figure 2. consisting of Figures 2a and 2b, 
shows sectional views of examples of the correc- 
tion of white-spot defects of a photomask by a 
process according to the present invention; 

Figure 3a shows a pattern film formed using 
an organic compound having a vapour pressure of 
1 x 10"* Torr or below at 300 " K, Figure 3b shows 
a pattern film formed by a process using an or- 
ganic compound having a pressure of between 1 x 
10~ 4 and 5 x 10~* 3 Torr at 300 " K, and Figure 3c 
shows a pattern film formed using an organic com- 
pound having a vapour pressure of 5 x 10" 3 Torr or 
above at 300 " K; and 

Figure 4 illustrates a pattern film formed by 
a process according to the present invention. 

Referring to Figure 1, reference numeral 1 re- 
presents a support plate of, for example, glass, 
reference numeral 2 represents a pattern of chro- 
mium or other material on the support plate 1, and 
reference numerals 31, 32. 33 are typical white- 
spot defects representing, respectively, an element 
omission, a disconnection, and a pinhole. These 
white-spot defects, which cause undesired light 
transmission through the mask, must be removed. 
The light-transmitting portions need to be treated to 
be as light-shielding as the rest of the pattern 2. 

In Figure 2a the element omission 31 is cor- 
rected as follows. An ion beam generator 4 com- 
prises a bright ion source such as a liquid metal 
ion source and an ion optical system for heating, 
polarising, and focusing ions generated by the 
source. The focused ion beam 5 produced by the 
source is used to. scan the area of the element 
omission 31 to effect ion irradiation at a constant 
rate. A source 6 feeding an organic compound 
includes a heater that controls the source tempera- 
ture and thereby adjusts the quantity of vapour 7 of 
the organic compound to be defivered to the ele- 
ment omission. In this case the temperature of the 
support plate 1 is at ordinary level (room tempera- 
ture, 300* K). The vapour 7 of the organic com- 
pound mostly deposits on the support plate 1 . It is 
polymerised or carbonised by irradiation with the 
ion beam 5. Figure 2b shows a pattern film 8 
formed in this way on the element omission 31. 

Figure 3a illustrates a pattern film formed using 
an organic compound having a vapour pressure of 
l x 10~ 4 Torr or below at room temperature 



(300* K). Figure 3b illustrates a pattern film formed 
with an organic compound having a vapour pres- 
sure between 1 x 10~ 4 and 5 x 10~ 3 Torr at room 
temperature (300* K). Figure 3c illustrates a pattern 

5 film formed using organic compound having a vap- 
our pressure of 5 x 10~ 3 Torr or above at room 
temperature (300 " K). The conditions of the ion 
beam 5 for irradiation and of the support plate 1 
are the same in Figures 3a. 3b, 3c. 

70 In Figure 3a, the organic compound deposited 

on the support plate 1 forms an organic compound 
layer 9 because of its low evaporation rate. Of this 
organic compound layer 9 the portion irradiated 
with the ion beam 5 is reduced in thickness to a 

rs denser solid mass, lower in height than the original 
layer 9 and is polymerised or carbonised to form 
the pattern film 8. At the same time, incomplete 
polymerised or carbonised organic compound layer 
portions 10 develop along the boundaries between 

20 the organic compound layer 9 and the pattern film 
8. These portions make microfine processing dif- 
ficult or can fall off where the bond strength is 
insufficient, producing unwanted shadows or caus- 
ing other troubles in a subsequent stage of selec- 

25 five exposure of the pattern on a semiconductor 
wafer. 

In Figure 3b, the vapour of an organic com- 
pound having a "vapour pressure between 1 x 10"* 
and 5 x 10~ 3 Torr at 300 " K. is directed against the 

30 surface of the support plate 1. The organic com- 
pound delivered in vapour form against the support 
plate 1 deposits on the surface, remains there for 
some time, and then evaporates. Thus, while the 
irradiating ion beam 5 scans, a suitable amount of 

35 the organic compound vapour is supplied, and it is 
polymerised or carbonised by the next scan. In this 
manner, the pattern film 8 grows to a desired 
thickness, e.g. 1 micron. Outside a spot 1 1 at 
which the organic compound is directed, the or- 

40 ganic compound vapour forms only a negligibly 
thin organic compound layer 9. Soon after the cut- 
off of the vapour supply the organic compound 
layer 9 will evaporate substantially completely, 
leaving no obstacle behind which would hamper 

J5 the formation of the pattern film. 

In Figure 3c the organic compound has a vap- 
our pressure of 5 x 10" 3 Torr or above at 300 " K 
and so evaporates immediately after deposition on 
the support plate 1. Consequently, the supply of 

so the organic compound molecules for film forming 
must be 10 15 atoms/cm 2 sec or greater so that it is 
necessary that the organic compound molecules 
are retained in a vacuum chamber. The pressure in 
the vacuum chamber thus increases using an or- 

55 dinary vacuum system (vacuum rate of about 100 
litres/sec). Therefore, the vapour of the organic 
compound has a deleterious influence on the ion 
source and the life of the apparatus. 



5 



EP 0 304 969 A2 



6 



In Figure 3c the organic compound has a vap- 
our pressure o? 5 x 10" 3 Torr or above and the 
pattern film is formed when the pressure in the 
pressure chamber is 1 x 10"" 6 Torr or below to 
avoid this influence. In this case, the volume of the 
organic compound is too small for the pattern film 
element omission to obtain an adequate rate of film 
build-up to the desired thickness. Using the meth- 
od as illustrated in Figure 3c and a vacuum sys- 
tem, it is impractical to hold the pressure (1 x 10"* 
Torr or below) in the vacuum chamber in order to 
prolong the life of the apparatus only using an 
organic compound having a vapour pressure of 1 x 
10~ 3 Torr or below at 300* K. 

Examples of organic compounds for a process 
according to the present invention for forming a 
pattern film include tri- or tetracyclic aromatic com- 
pounds such as phenanthrene, pyrene, methyl- 
phenanthrene, fluoranthene, anthrone and triphenyl- 
methane. These organic compounds have vapour 
pressures at ordinary temperature (300 *K) be- 
tween 1 x 10~ 4 and 5 x 10~ 3 Torr. Moreover, they 
are free from metal atoms, stable, and only slightly 
toxic. Organic compounds other than tri- and 
tetracyclic aromatic compounds but having molecu- 
lar weights of 200 to 400 are useful also since their 
vapour pressures at ordinary temperature (300 " K) 
are between 1x1 0~* and 5x1 0~ 3 Torr. 

Now an example of a pattern film formed of 
pyrene, chosen from among the organic com- 
pounds mentioned above, will be described with 
reference to Figure 4. Figure 4a shows a sensible 
image obtained by light transmission through a 
sample on a support plate of clear glass and hav- 
ing a pattern of about 800 A-thick chromium layer 
drawn thereon but yet to be formed with a pattern 
film by a process according to the present inven- 
tion. In Figure 4b there is formed a pattern film 
area by a process according to the present inven- 
tion, measuring 6.7 mm by 6.7 mm on an exposed 
glass portion 8um square in size of the sample in 
Figure 4a. A focused ion beam of Ga* was used 
for the irradiation, the acceleration voltage being 
20kV. and probe current being 0.13 nA. The or- 
ganic compound applied was pyrene heated to 
80 "C. The pattern film thus formed was 1400 A 
thick and provided adequate, shield against light 
transmission, allowing the pattern film to have 
sharply defined edges. The rate of thickness build- 
up of the pattern film was 69 A/sec with a 200 urn- 
long scanning line of the ion beam at the accelera- 
tion voltage of 20 kV and with the probe current as 
0.13 nA. The pattern film widths were of the order 
of submicrons. 

The physical and chemical adhesion strength 
of the pattern film obtained in this way are about 
the same as or more than those of the chromium 
film, which is well known in the art. The thickness 



of the pattern film that provides an optical density 
of 2.8 was approximately 2000 A for visible light 
and below 1000 A for ultraviolet rays. Under the 
aforedescribed film-forming conditions, therefore, it 

s is possible to form a 200 um-iong, submicron-wide 
pattern film within 20 seconds by exposure to 
farultraviolet rays. The process according to the 
present invention for forming a film pattern in this 
way is particularly suited for producing microfine 

10 pattern films. It is also possible, of course, to form 
a larger area of pattern film at a. faster rate by 
irradiation with a focused ion beam of a larger 
diameter and with a higher probe current. 

As has been described in detail above, the 

rs present invention permits pattern film formation in a 
single step that concludes within a short period of 
time and to microfine patterns less than one micron 
in width. This makes possible a substantial reduc- 
tion in the number of process stages otherwise 
20 required. Further advantages are the ease with 
which the organic compound is handled and the 
possibility of designing an apparatus of reasonable, 
rationalised construction for the purpose of carrying 
out a process according to the present invention. 

25 

Claims 

1 . A process for forming a pattern film (8) on a 
30 substrate (1 ,2) comprising maintaining a vapour (7) 

of an organic compound in contact with the sub- 
strate (1) and irradiating a specific portion (31) of 
the substrate (1 ,2) with a beam (5) so as to cause 
the organic compound to form a pattern film (8) on 
35 the specific portion (31) characterised in that the 
beam (5) is a focussed ion beam. 

2. A process as claimed in claim 1 charac- 
terised in that the vapour (7) is brought into contact 
with the substrate (1,2) by directing a vapour 

40 stream (7) of the organic compound at the specific 
portion (31). 

3. A process as claimed in claim 2 in which the 
vapour stream (7) is passed through a nozzle (6) so 
that only a minor portion of the substrate (1.2) 

45 receives vapour directly from the nozzle (6). 

4. A process as claimed in any preceding 
claim characterised in that the specific portion (31) 
of the substrate (1 ,2) is constituted by a defective 
portion (31) of a pattern (2) on a support member 

so (1), the formation of the pattern film (8) on the 
defective portion (31) constituting a repair thereof. 

5. A process as claimed in any preceding 
claim characterised in that said organic compound 
has a vapour pressure at 300* K between 1 x 10" 4 

55 and 5x 10" 3 Torr. 

6. A process as claimed in any preceding 
claim characterised in that said organic compound 
is a tri- or tetracyclic aromatic compound. 
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7. A process as claimed in any preceding 
claim characterised in that said organic compound 
has a molecular weight between 200 and 400. 

8. A process as claimed in any preceding 
claim characterised in that said organic compound s 
consists mainly of a hydrocarbon compound and is 

free from any metal atom. 

9. A process as claimed in any preceding 
claim characterised in that said organic compound 

is phenanthrene, pyrene, methylphenanthrene, w 
fluoranthene, anthrone or triphenylmethane. 
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